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REPORT 1096 

EXPERIMENTAL DETERMINATION OF THE EFFECT OF HORIZONTAL-TAIL SIZE, TAIL LENGTH, 
AND VERTICAL LOCATION ON LOW-SPEED STATIC LONGITUDINAL STABILITY AND 

, .“. ~...- DAMPING-IN: PITCH OF A MODEL HAVING- 45O SWEPTBACK WING 
AND TAIL SURFACES l 

By JACOB H. LICHTENSTEIN 

SUMMARY 

An investigation has been conducted in the Langley stability 
tunnel to determine the effects of horizontal tails of various 
sizes and at various tail lengths (when located on the fuselage 
center line) and also the effects of vertica.1 location of the hori- 
zontal tail relative to the wing on the low-speed static longitudinal 

’ stability and on the steady-state rotary damping in pitch-for a 
complete-model configuration. The wing and tail surfaces had 
the quarter-chord lines swept back 45” and had aspect ratios of 4. 

The results of the investigation showed that, in agreement with 
analytical considerations, the contribution of the horizontal tail 
to static longitudinal stability was related directly to the tail 
size and length; whereas, its contribution to damping in pitch 
was related directly to tail size and the square of tail length. 

the designer has little assurance that the low-speed charac- 
teristics will be satisfactory for any specific configuration. 
The low-speed characteristics of wings suitable for high- 
speed flight have already been investigated quite extensively. 
The contributions of other component parts of the aircraft, 
or of the various combinations of component parts for 
high-speed airplane configurations, however, are not well 
understood. In order to provide such information, a series 
of investigations of models having various interchangeable 
component parts is being conducted in the Langley stability 
tunnel. In these investigations, the rotary derivatives are 
being determined by the rolling- and curved-flow techniques 
(see references 1 and 2) and the static stability characteristics 
are being determined by conventional wind-tunnel procedure. 

At low angles of attack, addition of the wing decreased the 
contribution of the horizontal tail to static longitudinal stability 
by about one-half to one-third depending upon the vertical posi- 
tion of the tail relative to the wing; the contribution of the hori- 
zontal tail to the rotary damping in pitch on the other hand was 
almost una$ected by addition of the wing, regardless of tail 
area or location. 

For con$gurations with the horizontal tail mounted along the 
fuselage center line, the static longitudinal stability was greater 
at angles of attack near the stall than at OD; the static longitudinal 
characteristics were impaired, however, by moving the horizontal 
tail upward. On the other hand, for conJigurations with the 
horizontal tail mounted along the fuselage center line, the rotary 
damping in pitch was less at angles of attack near the stall than 
at O”, but the damping in pitch was generally increased by moving 
the tail upward. 

The present investigation is concerned with the effects 
of horizontal tails of various sizes and at various tail lengths 
(when located on the fuselage center line) and also the effects 
of vertical location of the horizontal tail with respect to 
the wing on the low-speed static longitudinal stability and 
the steady-state rotary damping in pitch for a swept-wing 
configuration. Some effects of fuselage fineness ratio and 
of wing-fuselage interference are also considered. The 
rotary damping in pitch specifies the damping resulting only 
from curvature of the flight path, such as that obtained 
during a steady pitching maneuver in which the radius of 
flight-path curvature is constant. For a pitching oscillation, 
the rotary damping derivative represents only a part of 
the total damping since additional contributions may result 
from unsteady aerodynamic phenomena such as the lag 
of downwash between the wing and horizontal tail (refer- 
ences 3 and 4). 

It was further indicated that, at an angle of attack of about 
IO”, the static longitudinal stability of the wing-juselage com- 
bination changed adversely and that the magnitude of this 
change was slightly increased by the addition of tail area along 
the fuselage center line at the shortest tail length but was decreased 
by addition of area along the fuselage center line at the longest 
tail length. 

The model used in the present investigation had 45’ 
sweptback wing and horizontal-tail surfaces with aspect 
ratios of 4. The model configurations tested for the present 
investigation are generally the same as those configurations 
used in the investigations of static lateral stability deriva- 
tives reported in references 5 and 6. 

SYMBOLS 
INTRODUCTION 

Requirements for satisfactory high-speed performance of 
aircraft have resulted in configurations that differ in many 
respects from previous designs. As a result of these changes, 

1 Supersedes NACA TN 2381, “Effect of Horizontal-Tail Location on Low-Speed Static Longitudinal Stability and Damping in Pitch of a Model Having 45’ Sweptback Wing and 
Tail Surfaces” by Jacob H. Lichtenstein, 1951, and NACA TN 2382, “Effect of Horizontal-Tail Size and Tail Length on Low-Speed Static Longitudinal Stability and Damping in Pitch 
of a Model Having 45O Sweptback Wing and Tail Surfaces” by Jacob H. Lichtenstein. 1951. 

The data presented herein are in the form of standard 
NACA coefficients of forces and moments which are referred 
to the stability system of axes, with the origin at the pro- 
jection on the plane of symmetry of the quarter-chord 

232358-53-l 1 
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point of the mean aerodynamic chord of the wing. The 
positive directions of the forces, moments, angles, and 
angular velocities are shown in figure 1. The coefficients 
and symbols are defined as follows: 

CD 

cn 

cn 
L 
D 
M 
N 

e 
s 
b 

c 

A 
Y 
x 
a 

VF 

LF 

& 

; 

P  

.cv- 

2v 

lift coefficient (L/k p V2Sw) 

drag coefficient (D/i p V2Sw) 

pitching-moment coefficient 
(1 

M i p V2SwCw 
> 

yawing-moment coefficient N 
U 

i p V2Swbw 
> 

lift, pounds 
drag, pounds 
pitching moment about &/4, foot-pounds 
yawing moment about Z-axis, foot-pounds 
mass density, slugs per cubic foot 
velocity, feet per second 
area, square feet 
span, measured perpendicular to fuselage center line, 

feet 
chord, measured parallel to axis of symmetry, feet 

mean aerodynamic chord, feet ($c2c2dy) 

tail length, distance from ‘E,/4 to CH/4, measured 
parallel to axis of symmetry, feet 

aspect ratio (b2/S) 
spanwise distance from plane of symmetry, feet 
taper ratio, ratio of tip chord to root chord 
angle of attack, measured in plane of symmetry, 

degrees 
fuselage volume 
fuselage length 
maximum fuselage diameter 
effective downwash angle, degrees 
angle of yaw, degrees 
pitching angular velocity, radians per second 

pitching-velocity parameter (based on CW) 

t 

Relative wind 

FIWJRE I.--System of axes used. Arrows indicnte positive direction of forces, moments, 
angles, and angular velocities. 

aa 7 where dr=x 

P~&f~ P%>H increment resulting from addition of 
horizontal tail; for example, 

increment resulting from interference ef- 
fect of wing and fuselage; for example, 

A1cm,=~c~,>~+F-(c~,>~-(c~~)~ 

Subscripts : 
W wing 
F fuselage 
V vertical tail 
H horizont,al tail 
r radian measure 

APPARATUS, MODELS, AND TESTS 

The general research model used for the present investi- 
gation was designed to permit tests of the wing alone, fuselage 
alone, or the fuselage in combination with any of several tail 
configurations-with or without the wing. A sketch with 
some dimensions of the complete model with one particular 
tail configuration is shown in figure 2. A list of the pertinent 
geometric characteristics of various component parts is 
given in table I. All of the parts were constructed of 
mahogany. 

Three fuselages and three horizontal tails were used for the 
tests in various combinations with and without the wing. 
For convenience, each component is designated as follows: 
W____-------------------------------------------------- Wing 
F,, Fz, F3---- ___________________ ----_-----_-_-------- Fuselages 
V ________ --- ___________________ -_-___-_- _______ -__ Verticaltail 
H,, Hz, Ha-------------------------------------- Horizontal tails 

A complete list of all t,he configurations investigated is 
presented in table II. 

The three fuselages (fig. 3) were bodies of revolution having 
circular-arc profiles and fineness ratios of 5 for fuselage 1, 
6.67 for fuselage 2, and 10 for fuselage 3. The wing and the 
three horizontal-tail surfaces all had aspect ratios of 4.0, 
taper ratios of 0.6, and NACA 658008 airfoil sections parallel 
to the plane of symmetry; the quarter-chord lines were 
swept back 45’. Ordinates for the NACA 65A008 airfoil 
section are given in table III. The horizontal tails, the 
incidence of which was kept at O” for all tests, differed from 
each other only in area and are designated as H,, H2, and H3 
(in order of increasing size) in figure 4 and table I. On each 
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of the fuselages, each of the three horizontal-tail surfaces was 
attached along the fuselage center line and at the same 
longitudinal location. On fuselage 2, however, horizontal 
tail 2 was tested at three horizontal locations for each of 
three vertical locations, as illustrated in figure 5. In refer- 
ence to the horizontal-tail locations, the letters L, C, and U 
indicate the vertical position as being lower, center, or upper, 
respectively;-tbe~letters B’, M, and R indicate the horizontal 
location as being forward, middle, or rearward, respectively. 
The lower middle position is the same as that at. which the 
other two horizontal tails were tested. 

A drawing of a complete-model configuration with tbe 
horizontal tail in the lower position and a photograph of the 
model with the horizontal tail in the upper position without 
a wing are presented in figures 6 (a) and 6 (b), respectively, 
to illustrate the test setup in the tunnel. The model was 
rigidly mounted on a three-support-strut system with the 
pivot point 4 inches rearward of the quarter-chord point of 
the mean aerodynamic chord. Forces and moments were 
measured by means of a conventional six-component balance 
system. 

The tests were made in the 6- by 6-foot test section of the 
Langley stability tunnel. The dynamic pressure for the 
tests was 24.9 pounds per square foot, which corresponds to 
a Mach number of 0.13 and to a Reynolds number, based 
upon the wing mean aerodynamic chord, of 0.71X10e. The 
angle of attack was varied from about -6O to about 32O for 
the tests. In addition to the straight-flow tests, the tunnel 

. 
-11.25 - 
-11.06- 

\ 
‘--Horizontal tail 

(see fig. 4) 

F6.754 

FIGURE 2.-Dimensions of the complete model. AU dimensions are in inches. 

flow was curved to obtain values of qc/2Vof 0.008,0.017, and 
0.022. The method of curving the flow consists in curving 
the tunnel walls to obtain the proper air-stream curvature 
and inserting upstream of the test section screens which 
give the proper velocity gradierit across the test section. 

CORRECTIONS 

The angle of attack a&l drag coefficient have been corrected 
for the effycts of jet boundaries. The moment data have 
been transferred from the mounting point to the 25-percent 
point of the wing mean aerodynamic chord. The damping- 
in-pitch data have been corrected for the effects of the cross- 
tunnel static-pressure gradient associated with the curved 
flow. The data have not been corrected for blocking, 
turbulence, or support-strut interference since, for the 
parameters with which this report is concerned, these effects 
are believed to be negligible. 

TABLE I 

PERTINENT GEOMETRIC CHARACTERISTICS OF THE 
MODEL 

Fuselage : Fl F2 F3 
Length,in ._____ -_-_- ____.._________ ----_ 30 40 60 
Fineness ratio _____ ____ -- ____._______ ----- 5 6.67 10 
Volume, vp, tuft__-- _.____.__._____ -_--- 0.267 0.350 0.526 

Wing : 
Aspect ratio, Arv-------------.-----------.------------ 4.0 
Taperratio, Xw _____.__ ----- _____._____ ----_- _________ 0.6 
Quarter-chord sweep angle, deg ____ _ _ _ _ _-- _ _ _ . _ _ _ - _ - _ - _ - 45 
Dihedral angle, deg-_-_______._~_.____________________ 0 
Twist, deg_--__________________________________~~~.~~ 0 
NACA airfoil section--- _-___ _ __ ___ _. _ _ _ -_ _ _. _. __ _ _ _ - - - 65A008 
Area,Syp,sqin ._________________._____ -_-_----- ___.._ 324 
Span, bw, in. ______________________________ ------ _____ 36 
Mean aerodynamic chord, &, in. ____.____ --_---- _______ 9.19 

Vertical tail: 
Aspect ratio, AY------------------_-------------------- 1.0 
Taperratio,X~~~~~~~~~~-~-~~~~~~~~~_~~~_~~~~.~~~_~___ 0.6 
Quarter-chord sweep angle, deg ____ ____ ____ __ ______ __ ___ 45 
NACAairfoilsection _________________ ---- __-_ -_-_----_ 658008 
Area, Sv, sq in. ____________-----_________________ ---- 48.6 
Span,b~,in.____-______----_._______________________~ 6.97 
Mean aerodynamic chord, ?v, in. ____________ ----_- _____ 7.12 
Area ratio, Xv/SW ____________________________ ---- _____ 0.150 

Horizontal tail: Hl HZ f& 
Aspect ratio, AH------------------_--- 4.0 4.0 4.0 
Taper ratio, XII-- __ __ _ _-_ - _____ ______ 0.6 0.6 0.6 
Quarter-chord sweep angle, deg -_______ 45 45 45 
Dihedralangle,deg _____ --__-_----___ 0 0 0 
Twist,deg-----_-_~~~~~~~~~_________ 0 0 0 
NACA airfoil section _________________ 65A008 65AOO8 65AOO8 
Area, Sg, sq in. __- __________________ 32.40 64.80 97.20 
Span, bg,in. -__-_- __________________ 11.38 16.10 19.72 
Mean aerodynamic chord, ?‘H, in. ____ _- 2.91 4.11 5.04 
Area ratio, SH/SW ____ __________ _ _ _ __ _ 0.10 0.20 0.30 

Tail-length ratio Zpw: 
Fuselage R F2 F3 
Position of tail: Forward Middle Rearward 

Upper- _ _ __ _-_ __ __ _ ___ ____ 2.42 2.58 2.75 -___ 
Center- ______ - ________ ____ 2.07 2.24 2.40 --_- 
Lower (fuselage center 

line) ________ - _______ 1.36 1.66 1.82 1.98 2.73 
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TABLE II 

CONFIGURATIONS INVESTIGATED AND INDEX TO THE 
FIGURES HAVING DATA FOR THESE CONFIGURATIONS 

h s(a) Wi-R 
____...__._ -._ .___.. ____...__ W+F,+V+H, 
FL+ V+Hz SW, 12 W+ FI+ Tri-Ha 
__._____.-____ __._.____..---.- Wi-W+ l’+f& 

---___ 
Fl 8(b) TV+ R 
__..__-..._.__ __-.-.__...-.... W+ Fa+ T’+HI 
___..._..._-.. ._._...___...___ W+Fa+V+Hm 
Fd V+Ha g(b), 12, 13  W+FZ+T~+HZLM 
__..._...___.. __.._.._..-.-_.. W+R+V+Hm 

__._ W+Fz+V+Hm 
__..._._..__.. .__._.____...__. W+A+ T’+Hscu 

.___ W+FZ+V+HZCR 

-- 

_- 
-- 

-- 

-- 

-_ 

-- 

Figure 

7  

Q(b), 12 

iI:] 12  
Q(c): 12  
Q(c), 12 

- Notation: 
w wine For details, see figures 2  to 5. Subscrlpt numbers 1, 2, and 3  refer to 
F  fuselage size, subscript letters L, C, and Urefer to vertical posit ion of horlzon- 
17 vertical tail 

H horizontal tail 
tal tall, and letters F, M, end R refer to horlzontal location of 
horizontal tall. (See Ag. 6.) 

FIGURE 3.-Dimensions of the fuselages tested, and location of the horizontal toil for those 
tests in which tail area nod tail length were of primary concern. All d imensions are in 
inches. 

RESULTS AND DISCUSSION 

PRESENTATION OF RESULTS 

The basic data obtained in the present investigation are 
presented in figures 7 to 10. The effect of fuselage fineness 
ratio on the static longitudinal stability of the fuselage is 
summarized in figure 11. The effects of tail size and tail 
length and the effects of tail location on the static longitu- 
dinal stability and damping in pitch contributed by the hori- 
zontal tail are summarized in figures 12 and 13, respectively. 

TABLE III 

ORDINATES FOR NACA 658008 AIRFOIL 

[Stations and ordinates in percent airfoil chord] 

0 0 40 

::: :;t ti 
1.2.5 .96 
2.50 
5.00 

::“f: 19  

7.60 2.12 
10 2.43 E 
a:, 2.93 3.30 80 

3”: 3.59 3.79 B”o 

35 3.93 1:: 

L. E. radius: 0.408 

4.00 
3.99 
3.90 
3.71 
3.46 
3.14 

%  
1.90 

‘:Z 
.49 
.02 

cH/4 line--. 

+------ 19.72 .-------I 

FIGURE 4.-Dimensions of the horizontal tails tested. All d imensions are in inches. 

The effect of wing-fuselage interference on both the static 
longibudinal stability and damping. in pitch is shown in 
figure 14. 

An index to the data for the configurations investigated 
is given in table II. 

.---,-.. . ,  - ~ y ,  m ,  I ,  I I  I  I  I ,  I am 11,  , I  m m 1  I I , ,  
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,. ~-.-- ,,. . . . 

FIGURE 5.-Location of root chord of horizontal tail for the configurations in which vertical location of the horizontal tail WEIS of primary concern. All dimensions are in inches. 

STATIC LONGITUDINAL STABILITY 

The static longitudinal stability characteristics for some 
basic configurations are presented in figure 7. Inasmuch as 
these results are very similar to those presented in reference 
5 and analyses of these results are adequately covered in 
this reference, they are not discussed in this report. 

Data are not presented for the lift and drag of the model 
with each fuselage and horizontal-tail arrangement, investi- 
gated since the results showed that the lift and drag were 
only slightly affected by the changes in fuselage and tail. 
The lift and drag data presented in figure 7 for the configu- 
ration W+F,+V+H,LM are representative of the lift and 
drag results for all the complete-model configurations. 

trend as the data of reference 6 but are somewhat larger in 
magnitude. The difference probably results from the differ- 
ent methods for supporting the models in the tunnel. Com- 
parison of the test data with calculations made by the classi- 
cal theory of reference 7 shows that, although the variation 
with fineness ratio is generally similar, the magnitude of the 
test values is only about four-fifths of that predicted by 
theory. 

The data in figure 8 show that the fuselage-horizontal-tail 
combination was statically stable as would be expected and 
that the stability was greater for the large fuselages. In 
each case, the value of Cm, was constant up to angles of 
attack of about 16O, at which point the lift-curve slope of the 
horizontal tail begins to decrease appreciably. 

Addition of any of the fuselages to the wing had little 
effect on C,,, as can be seen by comparison of figures 7 and 9. 
The fact that the wing-fuselage combination had approxi- 
mately the same longitudinal stability as the wing alone may 
be attributed to the loss in load over the wing near the wing- 
fuselage juncture and to the alteration in fuselage loading 
effected by upwash in front of the wing. 

For the complete-model configurations with the horizontal 
tail mounted on the fuselage center line, a destabilizing 
change in the slope of Cm, generally occurs at an angle of 
attack of about 10’. For the shortest tail length (fuselage 

&V&V value (Cm,), 7 SWb 
F,, fig. 9(a)), the magnitude of the change in slope apparently 

is the same as (C&), 7; therefore, was increased slightly as the horizontal-tail area was in- 
creased. For the longest tail length (fuselage Fs, fig. 9(c)), 

the results from the present investigation can be compared with an increase in tail area caused a decrease in this destabilizing 
the directional-stability data presented in figure 16 of refer- change in slope; in fact, this change apparently was elimi- 
ence 6. The data from the present tests show the same nated by the addition of the two largest tails (Hz or Hs). ‘This 

i I 111 I I I I I I 111.1, 111.111 .,.m ,.,,., , ., - -__,., , .,_ ~~ 

The pitching-moment characteristics of the three isolated 
fuselages are presented as a function of angle of attack in 
figure 8 and are summarized for cu=O” in figure 11. In 
order that the results obtained may be applied conveniently 
to arbitrary airplane configurations, coefficients in terms of 
fuselage dimensions rather than wing dimensions are needed. 
This manner of expressing the coefficient is accomplished by 

plotting the quantity (Cm,), F against fuselage fineness 

LF ratio -* 
& 

The quantity plotted, therefore, is effectively the 

pitching-moment coefficient based upon fuselage volume sp. 
For a body of revolution at an angle of attack of O”, the 
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(a) Complete-model configuration with the horizontal tail in the low position. 
(b) Fuselage with the horizontal tail in the upper mu position. 

FIGURE G.-Illustration of the model setup in the Langley stability 
tunnel lor testing in curved flow. 

effect of tail length on the manner in which addition of tail 
area affects the longitudinal stability appears to be primarily 
a matter of geometry in that, for a given location of the tail 
relative to the fuselage center line, the tail length determines 
the vertical location of the tail relative to the wing wake at 
a particular angle of attack. The destabilizing tendency for 
the wing-fuselage combination at an angle of attack of about 
loo results from tip stalling of the wing, and, as a result of 

this stalling, the wing trailing vortices move inward with 
an associated increase in downwash in the wake at the plane 
of symmetry. For the short tail length, the tail is sufhciently 
close to the wake at an angle of attack of 10“ to experience 
destabilizing effects. For the longest tail length, however, 
the tail has emerged sufficiently from the wake to avoid the 
effect of the increased downwash. It can be seen, therefore, 
that increasing the tail area for the short tail length would 
be adverse, whereas for the long tail length it would be 
beneficial. 

The data of figure 10 show that relatively small rearward 
movement of the horizontal tail in any of the vertical posi- 
tions (low, center, or upper) generally resulted in slightly 
more negative values of Cm, (increased stability) as would be 
expected because of the increase in tail length. Raising the 
horizontal tail also made Cmp more negative in the low angle- 
of-attack range; however, rt made Cm, more positive (de- 
creased stability) in the angle-of-attack range between 10’ 
and 20’. These results are in general similar to results of 
previous investigations of like nature at both low and high 
Reynolds numbers (reference 8 and data from the Langley 
19-foot pressure tunnel). The increase in stability, at low 
angles of attack, as the horizontal tail is moved upward was 
greater than would he expected to result from the increase 
in tail length which accompanied the upward movement of 
the tail. Part of this increase in stability, therefore, appears 
to result from the fact that, in the higher positions, the hori- 
zontal tail was above the region of strongest downwash, as 
is shown in a subsequent section discussing the contribution 
of the horizontal tail. As the angle of attack increases, 
however, the horizontal tails mounted in the high positions 
move into the strong downwash field; whereas, the tails in 
the low position emerge from the downwash field. This can 
be seen quite easily by comparing the pitching-moment curves 
between 12” and 20° for the configurations W+F3+TT+H2 
(fig. 9(c)) and W+F2+T’+H2uR (fig. IO(c)) which have 
about the same tail-length ratio. The data show that 
the low tail position is almost completely free of the down- 
wash effects, whereas the upper position is very strongly 
affected by the downs-ash. 

The data in figures 9 and 10 show that the static longi- 
tudinal stability was generally greater at angles of attack 
near the stall than for any other part of the angle-of-attack 
range. 

From the standpoint of static longitudinal stability, the 
low horizontal-tail positions appear to be more advantageous 
than the high tail positions because the change in stability 
is smallest over the angle-of-attack range, and, for configura- 
tions with the tail in the low position, the farther rearward 
the horizontal tail is located the less likely it is to be influenced 
by the wing downwash. 
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DAMPING IN PITCH 

The steady-state rotary damping-in-pitch results are 
presented in figure 7 for the wing alone, in figure 8 for the 
wing-off configurations, and in figures 9 and 10 for the various 
complete-model configurations. The value of damping in 
pitch - Cm0 for the wing alone is generally in good agreement 
with the theoretical value computed by the method presented 
in reference 9, and the variation with angle of attack is not 
considered significant. Addition of a fuselage to the wing 
did not appreciably affect the value of Cm@ for angles of 
attack up to the stall (compare figs. 7 and 9). This effect 
was similar to that found for the static longitudinal stability 
of the model for which the value of C,= for the wing-fuselage 
combination is about equal to Cm, of the wing alone, even 
though the isolated fuselage has a rather large positive 
value of Cm,. 

The damping-in-pitch results presented in figure 8 for the 
isolated fuselages are considered to be of qualitative value 
only since the accuracy of the measurements is not considered 
sufficient to yield results of a reasonable percentage accuracy 
for values as low as those given by the fuselages. The 
indications are, however, that the fuselages produced damp- 
ing of the same sign as that normally expected for a hori- 
zontal tail and that the variation of the fuselage damping 
with angle of attack was not particularly significant. 

For the wing-off configurations, the damping in pitch 
generally decreases as the angle of attack increases (fig. 8). 
With the wing on, however, the damping in pitch reaches a 
maximum value at some moderate angle of attack and then 
decreases with further increase in angle of attack. For con- 
figurations with the horizontal tail mounted on the fuselage 
center line (low position), the angle of attack at which 
maximum damping occurs generally decreases with in- 
creasing fuselage length; this trend can best be seen by 
comparing the curves for the large tail on the various fuse- 
lages (fig. 9). Since most of the damping is due to the 
horizontal tail, any changes in the damping with angle of 
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FIQURE Il.-Comparison of the effect of fuselage keness ratio on the static stability of the 
fuselage as determined from longitudinal- and directional-stability measurements and from 
theory. a=O’. 

attack which are caused by the tail are likely to become 
greater with increasing tail size. It should be noted that, 
for these configurations, the damping near the stall (ap- 
proximately 24“) had decreased, in general, to some value 
considerably less than that at zero lift. For the configura- 
tions with the horizontal tail mounted in the center or upper 
positions, the maximum damping occurred at higher angles 
of attack (approximately 200). (See figs. 10 (b) and 10 (c).) 
The maximum damping would normally be expected to 
occur at the angle of attack at which the static stability is 
a maximum (Cmp has its maximum negative value). Com- 
parison of C, and C&, curves shows, however, that the 
opposite occurs (maximum damping occurs approximately 
where the static stability is a minimum). This apparent 
incongruity results from the interaction of two opposing 
effects. The decreased static longitudinal stability (down- 
wash effect) occurs when the horizontal tail approaches the 
wing wake, and the downwash effect becomes greatest when 
the tail is passing through the wake (approximately 12O 
angle of attack for the low tails on F2 and 20” for the higher 
tails). There is, however, a favorable variation of downwash 
with qcJ2V because stream curvature displaces the wake 
upward with respect to the horizontal tail. This favorable 
effect is greatest when the horizontal tail is immersed in 
the wake at zero flight-path curvature. 

Although the basic data do not show the effect of the 
vertical position of the horizontal tail clearly, because changes 
in tail position were accompanied by changes in tail length, 
the higher horizontal-tail positions appear somewhat more 
advantageous than the low positions with regard to damping 
in pitch, inasmuch as the variation with angle of attack was 
generally smaller and high damping was maintained to 
nearly maximum lift. 

CONTRIBUTIONS OF THE HORIZONTAL TAIL 

In general, the contributions of a horizontal tail to both 
static longitudinal stability and damping in pitch are affected 
by the downwash from the wing and by the local dynamic 
pressure in the vicinity of the tail. In the absence of a 
slipstream and of any important flow separation from the 
wing, the local dynamic pressure is essentially the same as 
the free-stream dynamic pressure and the downwash remains 
as the only factor to be considered. For the present model 
at low angles of attack, therefore, the tail contribution to 
static longitudinal stability and to the rotary damping in 
pitch can be expressed by equations developed by conven- 
tional methods of analysis. The tail contribution to static 
longitudinal stability is given by the followmg simple 
relation: 

(1) 

An analogous expression can be derived for the tail contribu- 
tion to the rotary damping in pitch. The pitching moment 
due to the tail can be written as 

lb 
, . 1 .11 . II ,..,m..m., I I 1111.ImI,,--,.,,., .” .- . .._ ----_-_--. . . ___.  -_. .-.- . ..-__._..._- -- 
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where Aa is the change in angle of attack at the tail due to 
flight-path curvature and is given by 

(2) of the expressions given for A.a and B gives the tail contri- 
bution to damping in pitch as 

1 qc ___- Acr=57.3 cW/2 2V 

‘l’he angle B (measured in degrees) is, in this case, the down- 
wash from the wing or other parts of the airplane and results 
only from flight-path curvature; that is, 

where +, the downwash angle in radian measure, is introduced 
in order to provide consistent dimensions for both numerator 

be and denominator of the ratioz. 
3x5 

Substitution in equation 

2v 

(A&&= - 114.6 (CL (3) 

Equations (1) and (3) indicate that the tail contributions 
to static longitudinal stability and to damping in pitch are 

proportional to the geometric quantities g -$ and g 
2 
, 

respectively. For the portion of the tests in which the effects 
of horizontal-tail size and tail length were of primary con- 
cern, the horizontal tail was always mounted in the low 
position (along the fuselage center line), and the experimental 

data have been plotted against $& 4 and g 
2 

ww 
in figure 

12 for angle of attack equal to zero. For the portion of the 

Wing off 0 Q A 

Wing on 0 A  d 

1 ----_ -__- 

(a) Variation of (AC&) a with 2 ?$. 

FIQURE 12.-Variationoftheincrementin static longitudinal stability and damping in pitch due to the horizontal tail with geometric parameters. 
center line. Like symbols indicate horizontal tails of different sizes on the same fuselage. 

Horizontal tail mounted along the fuselage 
Lift-curve slope of the horizontal tail was assumed to be 0.54. a=~~. 
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tests in which the effects of tail height were of primary 
concern, X,/S, was maintained constant at 0.2 and, therefore, 
I/& and (Z/ZW)2 were the only geometric variables that 
entered the equations. The experimental data for this 
portion of the tests have, accordingly, been plotted against 
these quantities in figure 13 for angle of attack equal to 
zero. The dashed curves in figures 12 and 13 were calcu- 
lated by meansof equations (1) and (3) for the values of the 

downwash parameters 2 and be, indieated in the figures. 
&I! 

V 
In the calculations, the tail lift-curve slope (CL,), was as- 
sumed to have the same value (0.054) as that of the wing 
alone (fig. 7), since the wing and tail have the same plan 
form and section. The fact that the curves for the 
conditions 

be de -=--I=() 
aa ap1 

V 
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do not pass through the experimental points obtained with 
the wing removed shows that the fueselage probably had 
some influence on the tail effectiveness. 

With the wing on and the horizontal tails mounted in 
the lower position, the data presented in figure 12 (a) indi- 
cate that, for the range of configurations considered in this 

investigation, the value of g is about 0.52. This value is 

only slightly affected by changes in tail size and length. 
The data also show that, as indicated by equation (l), the 
contribution of the horizontal tail to static longitudinal sta- 
bility varies linearly with tail area and tail length. The data 
presented in figure 13 (a) indicate that raising the horizontal 
tail moves it away from the region of strongest downwash 

since the value of be decreased from 0.52 to about 0.35 as aa! 
the horizontal tail was moved from the lower to the upper 
positions. 

For wing-on configurations, the data presented in figures 
12 (b) and 13 (b) indicate that the value of the downwash 
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parameter de 2 which affects the damping in pitch is essen- 
a@ 

V 
tiahy zero for all tail positions; therefore, the standard meth- 
ods of calculating the horizontal-tail contribution to C,,,, 
were found to be reliable for all horizontal-tail configurations 
tested. The position of the test values for the wing-on 
conditions relative to those for the wing-off conditions indi- 
cates, in fact, that the wing contributed a slightly negative 

value of de --% thus, an increase in the tail effectiveness for 
a& 

V 
damping in pitch resulted. 

A slight increase in tail effectiveness due to the presence 
of the wing would be expected from consideration of the 
unusual downwash pattern behind a swept wing in pitching 
flight. For a sweptback wing pitching about the aerody- 
namic center at zero angle of attack, the center part of the 
wing, which is forward of the aerodynamic center, is at an 
effective negative angle of attack and thereby induces an 
effective upwash at the horizontal tail. The tail, conse- 
quently, is at an effective higher angle of attack with the 
wing on than with the wing off. Since this effect increases 
with increasing pitching rotation, the wing will tend to in- 
crease the damping-in-pitch contribution obtained from the 

C 

-.004 

-.016 

tail at low angles of attack. Some approximate computa- 
tions were made to determine the upwash at the tail due to 
pitching flight, and the results indicated the same trend 
shown experimentally. 

The data also show that, as indicated by equation (3), 
the contribution of the horizontal tail to the rotary damp- 
ing in pitch varies linearly with tail area and with the 
square of tail length. 

Although, at low angles of attack, the vertical position of 
the horizontal tail was not found to be significant for the 
steady-state rotary damping in pitch, it might be expected 
that the vertical position of the horizontal tail would influ- 
ence the total damping of an airplane in a pitching oscilla- 
tion. For a pitching oscillation, the total damping is deter- 
mined by a combination of the rotary derivative Cllg, which 
is considered herein, and the acceleration derivatrve Cm+ 

The derivative C,, is proportional to & (see reference (3)) 

and, therefore, should depend rather strongly on the location 
of the horizontal tail. 

WING-FUSELAGE INTERFERENCE 

The data obtained in the investigation of the horizontal- 
tail effect also make possible an evaluation of the interference 
increments A,cma and AICm, which enter into the following 
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FIGURE 13.-Variation of the increment in static longitudinal stability and damping in pitch due to the horizontal tail with geometric parameters. Vertical position of the horizontal tail varied. 
Lift-curve slope of the horizontal tail vfas assumed to be 0.54. a=O”. 
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equations for total values of the static-longitudinal-stability 
and damping-in-pitch derivatives for complete airplane 
configurations: 

( “‘d Total = (C~,)w+(Cm,)F+AICm~+(AC,n,)H 

(“‘Q> Total= Fh>w+ w%L+Al%+ W%>E? 

where (AC,,), and (Acm,), are the values for the horizontal 
tail in the presence of the wing and fuselage. The values 
A,C& and AIcmp result from interference between the wing 
and fuselage (that is, AlCmq= G,> w+F-- G,> w- G&d. 
The interference increments usually are assumed to apply to 
airplanes having configurations somewhat similar to that of 
the model used in evaluating the increments. The height 
of the wing relative to the fuselage center line usually has a 
significant effect on the magnitude of the interference incre- 
ments. Since, for the present investigation, the wing was 
located on the fuselage center line, the results are considered 
applicable only to midwing or near midwing arrangements. 
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The increments are presented in figure 14 as functions of 
angle of attack. Within the accuracy of the determinations 

FIQURE 14.-Variation of wing-fuselage interference increments 
AI&, and AI&,, with angle of attack. 
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there appeared to be no consistent effect of fuselage length 
on either AICma or AICm, and, for the purposes for which 
these values were intended to be used, the use of a faired 
value to represent the effect of interference seems reasonable. 
The variation of A,cma with angle of attack is small below 
16’ and the average value tends to increase the stability. 
The variation of AI&,, with angle of attack is not appreciable 
over the entire angle-of-attack range and the average value 
tends to decrease the damping. 

CONCLUSIONS 

The results of an investigation to determine the effects of 
horizontal-tail size, tail length, and position on the static 
longitudinal stability and on the steady-state rotary damping 
in pitch of a complete model with wing and tail surfaces 
having the quarter-chord lines swept back 45” and an 
aspect ratio of 4 indicate the following conclusions: 

(1) The contribution of the horizontal tail to static longi- 
tudinal stability and damping in pitch was in agreement with 
analytic considerations in that the contribution of the hori- 
zontal tail to static longitudinal stability was related directly 
to the tail size and length; whereas, its contribution to damp- 
ing in pitch was related directly to tail size and the square of 
tail length. 

(2) At low angles of attack, addition of the wing decreased 
the contribution of the horizontal tail to static longitudinal 
stability by about one-half to one-third, depending upon the 
vertical position of the tail relative to the wing; the contri- 
bution of the horizontal tail to the rotary damping in pitch, 
on the other hand, was almost unaffected by addition of the 
wing, regardless of the tail area or location. 

(3) For configurations with the horizontal tail mounted 
along the fuselage center line, the static longitudinal stability 
was greater at angles of attack near the stall than at 0’; the 
longitudinal stability characteristics were impaired, however, 
by moving the horizontal tail upward. On the other hand, 
for configurations with the horizontal tail mounted along the 
fuselage center line, the rotary damping in pitch was less at 
angles of attack near the stall than at O’, but the damping 
in pitch was generally increased by moving the tail upward. 

(4) At an angle of attack of about loo, the static longi- 
tudinal stability of the wing-fuselage combinations changed 
adversely. The magnitude of this change was slightly in- 
creased by the addition of tail area along the fuselage center 
line at the shortest tail length but was decreased by addition 
of area along the fuselage center line at the longest tail length. 

LANGLEY AERONAUTICAL LABORATORY, 
NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS, 

LANGLEY FIELD, VA., April 1, 1952. 
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